LR S T e

MR AL

et

R

AL

A

A L AR R R Ut R S

i "W'W{‘ ()

1 tﬁlmﬂn

=3
=1
=

[

ADAO44

327

e

ROC FiLE COPY

H

USAAEFA PROJECT NO. 75-19-1

LOW AIRSPEED SENSOR LOCATION TESTS
AH-1G HELICOPTER

FINAL REPORT

KENNETH R. FERRELL

PROJECT OFFICER GARY E. HILL
CPT, CE
BARCLAY H. BOIRUN US ARMY
PROJECT ENGINEER PROJECT PILOT

FEBRUARY 1977

Approved fo: public release; distribution unlimited.

UNITED STATES ARMY AVIATION ENGINEERING FLIGHT ACTIVITY
EDWARDS AIR FORCE BASE, CALIFORNIA 93523




. - e, o sre s = e
R e e e e i o
e ET TR - e

DISCLAIMER NOTICE

d

R R

The findings of this report aie not to be construed as an official Department of
the Army position unless so designated by other authorized documents.

DISPOSITION INSTRUCTIONS

Destroy this report when it is no longer needed. Do not return it to the originator.

TRADE NAMES

The use of trade siames in this report does not constitute an official endorsement
or approval of the use of the commercial hardware and software.




UNCLASSIFIED

SECURITY CLASSIFICATION OF THIS PAGE (When Dets Entered)

REPCRT DOCUMENTATION PAGE

READ INSTRUCTIONS
BEFORE COMPLETING FORM

—
USAAEFA""-&MS 1941

/ 2. GOVT ACCESSION NO.|

3. RECIPIENT'S CATALOG NUMBER

10. PROGRAM ELEMENT, PROJECT, TASK

_]4. TITLE (and Subtitte) » D COVERED
\MSOR LOCATION TESTS 7 AFINAL REFSRT.
| N Decalilit: 875——Apr# #76
\&/| AHG HELICOPTER, = = . a8
N USAAEFA PROJECT NO. 75-19-1
— TYI_AUTHOR(M 8. CONTRACT OR GRANT NUMBER(s)
) D ) JKENNETHR. LFERRELL)
ZBARCLAY 3H/BOIRUN
“GBF GARY EAILL

NAME AND ADDRESS

US ARMY AVIATION ENGINEERING FLIGHT ACTIVITY!
EDWARDS AIR FORCE BASE, CALIFORNIA 93523

AREA & WORK UNIT NUMBERS

EJ-6-NJ469-01-F6-U4

1. CONTROLLING OFFICE NAME AND ADDRESS

US ARMY AVIATION ENGINEERING FLIGHT ACTIVITY
EDWARDS AIR FORCE BASE, CALIFORNIA 93523

T4. MONITORING AGENCY NAME & ADDRESS(I{ dilferent {from Coatrolling Ollice)

UNCLASSIFIED

15a. DECL ASSIFICATION/ DOWNGRADING
SCHEDULE NA

a

. DISTRIBUTION STATEMENT (of this Report)

Approved for public release; distribution unlimited.

-

7. DISTRIBUTION STATEMENT (of the abstract enterod In Block 20, it difterent from Report)

18. SUPPLEMENTARY NOTES

. KEY WORDS (Continue on reverse side if necessary and ldentify by block number)

Elliott low airspeed system
AH-1G helicopter
Optimum location
Airspeed signal

Fire _control computer

20. ABSTRACT (Continue on reverse side If necessary and identify by block numbet)

=~During weapons fire control tests being conducted by Frankford Arsenal,
Philadelphia, Pennsylvania, it was necessary to determine the optimum location
for an Elliott low airspced system mounted on ar AH-1G helicopter to improve
the accuracy of the actual aircraft airspeed signal to the fire control computer.
The airspeed system was provided by Frankford Arsenal, and the necessary
mounting hardware was constructed by the United States Army Aviation

(Contd)

R

FORM ZDITION OF 1 NOV 6% 1S OBSOLETE

JAN 73

oD , 473

UNCLASSIFIED

SECURITY CLASSIF!CATION OF THIS PAGE (When Data Entered)

SRR e

B

B

gy

EL T R T O



ki

|

ARG

UNCLASSIFIED

SECURITY CLASSIFICATION OF THIS PAGE(Whan Date Entsred)

20. Abstract g
gubinad
4

Engineering Flight Activity, Edwards Air Force Base; California. Nineilocations ,,
along the fuselage from the engine mount to the forward canopy area were tested.
The optimum location tested was at fuselage station 128, water line 104, and
buttline -35. The Frankford system was then calibrated at the optimum location,
and the electronic linearization circuits were added to the computer. This location
for the linearized system provided accurate airspeed information out of ground
effect from 15 knots calibrated airspeed (KCAS) rearward to 125 KCAS forward,
and lateral airspeed from 28 KCAS left to 25 KCAS in right sideward flight. j‘

vogalt r;p(cf wn deceig)

UNCLASSIFIED

SECURITY CLASSIFICATION OF THIS PAGE(When Data Entered)

R -




.- - - I U e e T gt e Ty, piny 2yl

s - S R s g S T e e e e T e L i ooy smtes = oo g oot

AR

TABLE OF CONTENTS

R

INTRODUCTION

Background .

Test Objectives
Description .

Test Scope . .

Flight Test Methodology

DWW NN

RESULTS AND DISCUSSION

General .
Sensor Locatlon Tests . e
Engine Mount Location. . . . .
Pylon Meunt Location .
Canopy Mount Location
Airspeed System Calibration .

(- - - 2

-t
- 0

CONGLUSIONS . . . . . . . . . . . . i i i i i e 2

RECOMMENDATION . . . . . . . .. .. ... .......8

APPENDIXES

A. References . . . . . . . « « . v i v i i e e e s . 1
B. Test Instrumentation . . . . B £
C. System Description and Thcory of Operatlon e ¥ 4
D. TestData . . . . . . . . . . . . . v .'euieo..

DISTR'BUTION




NS e SRR

il

RS T

S S

AN
izttt e b

o ) Gk e . . "
R Db ek s

Y

INTRODUCTION

BACKGROUND

1. The Frankford Arsenal, Philadelphia, Pennsylvania, was required to install an
air data system on an AH-1G helicopter as part of a weapons fire control system
(enhanced Cobra fire control system). They installed the Elliott Industrial Associates
Corporation low airspeed sensing and indicating equipment (LASSIE) during the
firing tests, but the information obtained was not of sufficient accuracy. Previous
tests of the airspeed system by the United States Army Aviation Engineering Flight
Activity (USAAEFA) had shown the position error to be strongly influenced by
the sensor location (USAAEFA Project Nos. 71-30 and 75-17, refs 1 and 2,
app A). The sensor location used by Frankford Arsenal was unsatisfactory, and
another location for the sensor was required to improve system parformance. The
United States Army Aviation Systems Command (AVSCOM) directed USAAEFA
to conduct tests with the LASSIE installed on the AH-1G helicopter to determine
a satisfactory location (ref 3).

TEST OBJECTIVES

2. The objectives of the low airspeed sensor location tests were to determine
a satisfactory location for the sensor on the AH-1G helicopter and to calibrate
the system at that location.

DESCRIPTION

3. The test helicopter, serial number 67-15844, was a production AH-1G
manufactured by Bell Helicopter Textron of Hurst, Texas. A detailed description
is contained in the operator's manual (ref 4, app A).

4. The LASSIE system consists of a finned swiveling pitot-static probe linked
to pressure sensors, an air data computer, and cockpit display of longitudinal and
lateral airspeed and rate of climb. The probe was mounted to utilize the rotor
downwash to maintain adequate dynamic pressure on a pitot-static probe. The probe
was mounted on a swivel and thus aligned itself with the relative wind (vector
sum of aircraft velocity and rotor downwash). The angle of the probe was used
with the differential pressure to obtain aircraft longitudinal and lateral airspeed
or total velocity. The angles can also be used to calculate angles of attack and
sideslip. The static pressure was differentiated with respect to time to obtain rate
of climb. A further description of the LASSIE system and theory of operation
is provided in appendix C. The required mounts for the different locations are
shown by drawings and photographs presented in appendix C.
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TEST SCOPE

5. The tests were conducted at Edwards Air Force Base, California in accordance
with the approved test plan (ref 5, app A). The evaluation was partially flown
in conjunction with the AH-1G flow field test (USAAEFA Project No. 74-02,
ref 6), and required 20 hours of productive testing. The location optimization
testing was simplified by using a LASSIE II probe available at USAAEFA, since
its design provided grearer simplicity and flexibility in the mounting support
structuré than the LASSIE III systemn. The LASSIE III probe was specifically
designed to mount in the pylon position, which limited the flexibility of supporting
structure. The aerodynamic characteristics of the swiveling probe were expected
to be very similar. The LASSIE III test system was then installed and calibrated
at the most satisfactory location tested.

6. Flights were conducted within limitations specified by the AVSCOM
safety-of-flight rélease (ref S, app A) and the operator's manual. The tests were
conducted at an.average gross weight of 8000 pounds, the-longitudinal center of
gravity (cg) was mid, and rotor speed varied from 314 to 328 rpm. The stability
and control augmentation system (SCAS) was operational for all tests.

7. In=ground-effect (IGE) and out-of-ground-effect (OGE) low-speed tests were
conducted at a field elevation of 2302 feet, and the high-speed tests were flown
at approximately 6000 feet. Airspeed ranges investigated were from 30 knois
rearward to 125 knots forward, and 35 knots to the left and right.

8. The sensor was mounted in the nine areas shown in figure A. Details of each

location are presented in the discussion of test resuits. Each sensor location was
tested to determine the relative performance of the system.

FLIGHT TEST METHODOLOGY

9. The low airspeed (zero to 40 knots) tests were conducted with a calibrated
pace vehicle for ground speed reference., Wind speed and direction were recorded
from a ground station anemometer. Reference airspeed was obtained by correcting
ground speéd data for wind speed and direction. Airspeed data were also obtained
from a calibrated Pacer Systems Inc., low-fange airspeed system (LORAS 1000)
mounted on the rotor mast. Tests were conducted in winds less than 5 knots,
and aircraft heijght above the ground was measured by a radar altimeter. The tests
were conducted in stabilized level flight in the longitudinal and lateral directions.
Dynamic maneuvers were aot tested.
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10. The highspeed ;eféi";éﬁcp was the calibrated swivél-héad pitot-static probe
mounted on a nose boom arid the LORAS 1000 system mounted on the rotor
mast. Sideslip and angle of attack wére measured by vanes located on the boom.

11. The airspeed sensor and aircrati parainsters were recorded by an airborne
magnetic tape system. Test data wore obtained by averaging the recorded data
over 10 to 20 seconds of steady fiiy'- conditions. A list of the test instrtumentation

used is presented in appendix B.




e

b 5

RESULTS AND DISCUSSION

GENERAL

12. The airspeed system output reflected the variation in airflow at the different
locations, since each location produced a different position error. The most
satisfactory location was determined with the LASSIE II system and then the
LASSIE III system was calibrated at that location. With the electronic linearization
circuits added, the system produced repeatable linear output when OGE for
airspeeds from 15 knots calibrated airspeed (KCAS) rearward to 125 KCAS
forward and from 28 KCAS in left sideward flight to 25 KCAS in right sideward
flight. The electronic linearization of the LASSIE Il system minimized the position
error and removed the discontinuity that occurréd when the probe transitioned
from rotor downwash to free stream airflow.

Sensor Location Tests

Eigine Mount Location:

13. The sensor was mounted at the positions shown in figure B. The sensor
performance for these, two positions is presentéd in figures 1 through 4,
éppendix D.

14. In position 1, the sensor was not.responsive in the area from hover to
10 KCAS forward. At airspeeds above 10 KCAS, the system functioned and
showed distinctly different characteristics for the rangés of 10 to 30 KCAS than
for 30 to 110 KCAS. The sensor apparently did not transition sioothly from
rotor wash to free stream flow. Lateral. airspeed was repéatable, but nonlinear,
from 12 KCAS left to 26 KCAS right sideward flight. At left sideward airspeeds
above 12 KCAS, the readings were erratic and ‘low.

15. Moving the sensor aft and inboard to position 2 considerably improved system
performance in forward and rearward flight (fig. 3, app D). From 19 KCAS
rearward to 115 KCAS forward, the systém output was linear, with the exception
of the forward airspeed area from 15 to 40 KCAS: Above 105 KCAS another
major transition region occurred which caused nonlinear performance. In all cases,
the data were repeatable. For sideward flight of 12 KCAS left to 25 KCAS right
(fig. 4) system performance was much the same as for position 1. At left sideward
airspeeds above 12 KCAS, the flow conditions were improved; however, the system
output was still unusable,
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Pylon Mount Location:

16. Figure C illustrates the two pylon locations tested. Test results for the pylon
locations are presented in figures S through 8, appendix D. The data between 5 and
60 KCAS are missing on figure 5 due to an instrumentation malfunction, but the
observed performance in this region was similar to figure 6.

17. The overall forward airspecd system performance was essentially the same in
both locations. The airspced indication was linear from 25 KCAS rearward to
25 KCAS forward. However, there was a discontinuity as the probe transitioned
from rotor downwash to free stream air between 25 and 30 KCAS. There was
less variation about the average in the outboard location,

18. In lateral fiight system performance was similar in both locations. The average
indicated airspced was repeatable and nonlinear from 27 KCAS left to 26 KCAS
right. However, the variation about the mean was less at the outboard location,
as was the discontinuity between zero and 5 KCAS observed on the inboard
location (fig. 6, app D). :

Canopy Mount Location:

19. An adjustable bracket mounted on top of the canopy was used fo facilitate
evaluation of five different locations. These locations are identified in figure D.

20 The system's longitudinal airspeed performance is shown in figures 9, 11, 13,
15, and 17, appendix D. The charactéristiés of:the longitudinal airspeed mdlcatlons
were the same for all five locations. ‘Between 20 and 30 KCAS, there was a
discontinuity as the probe transitioned from the rotor wake to free stream. The
system was generally operable to 30 KCAS rearward, and the indication was linear.
The position error varied for each location, but in all cases, the indicated airspeed
was less than the: actual airspeed. After the probe transiticned to free stream, the
uncorrected system output was linear, with airspeed error becoming higher as
calibrated airspeed increased.

21. The system's lateral airspeed performance is shown in figures 10, 12, 14, 16,
and 18, appendix D. In all five locations, system performance characteristics during
lateral flight were essentially the same. During left sideward flight, the system
provided airspeed information to the test limit of 35 knots. For right sideward
flight, the system was usable to 15 to 20 KCAS, depending on location. Beyond
20 KCAS, there was an apparent airflow disturbance, and the system was not
usable. As the sensor was progressively moved from position 5 to position 9, the
airspeed indications became less erratic and more linear. The influence of ground
effect also diminished. The final data obtained with the LASSIE Il sensor in
location 9 are shown in figures 17 and 18.
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Sensor Fusclage  Water Buttline

position station line
3 177 in. 106 in. 48 in.
4 177 in. 106 in. 60 in.

Figure (.. Pylon Mount Locations.
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Airspeed Systém Calibration

22. The LASSIE Il sensor was mounted at fuselage station 128, water line 104,
and buttline -35 (location 9), which- was judged thé best on the basis of the
location survey. Tests were conducted to define the characteristics of the probe
and confirm that the two sensor modéls had similar performance. Results of these
tests are shown in figures 19 and 20, appendix D.

23. These data were supplied to the contractor, who adjusted the electronics to
correct the position error and linearize the indicated airspeed signal (electronic
linearization). Flight tests were then conducted to calibrate the final configuration
in the optimum location. The effects of the linearization are best seen by comparing
figures 19 and 20 with figures 21 and 22, appéndix D. The linearization
minimized the position error and removed the dlscontmulty that occurs when the
probe tfansitions from rotor downwash to free stream airflow.

24, Figure 21, appendix D, shows that the system_ has a negligible position error
from hover to 125 KCAS (the hxghest axrspeed tested) In rearward fhght the

......

fhght between zZero and 30 KCAS, and the LASSIE III system was not -usable
at rearward axmpeeds greater than 5 KCAS.

25. In lateral flight system pérformanie was the same both IGE and:-OGE.
Figure 22, appendix D; shows no error at hover. Thé systém output was linear
from 28 KCAS léft to 25 KCAS right. However, the slope was léss than one,
which caused thé systém to read increasingly 16w as airspeed was increased from
hover. Qutput was questionable for left airspeeds greater than 28 KCAS and not
usable for airspeeds beyond 25 KCAS to the right.

n
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‘CONCLUSIONS - -

26. -Euéh =sen$br flocatic'm pfbduééd‘a different vpositiom error..

217, The most satisfactory sensor locatxon found durmg these tests was on the
left side of the canopy, at fusclage station 128, wateér line 104, and buttline -35
(position 9) (para 22).

28. The électronic linearization of the LASSIE III system minimized the position
error and removed the discontinuity that occurred when the probe transitioned
from rotor downwash to free stream airflow (para 23).

29. The LASSIE II and III systéms have the same operating characteristics and
similar accufracy, éxcept at rearward airspeeds greater than 10 KCAS (para 24).

30. For the most satisfactory location, the LASSIE I system with electronic
linearization provided accurate aitspeed information from 10 KCAS reatward to
125 KCAS forward, and lateral aifspeed from 28 KCAS left sideward to 25 KCAS
right sideward ﬂ:ght (paras 24 and 25):
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RECOMMENDATIONS

31, For best system performance the LASSIE III' systém -should be :located at

fuselage station 128, water line 104, buttline -35 (position 9) on the AH-1G
helicopter: .
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2. Test Plan, USAAEFA, Project No. 75-17, Flight Evaluation of Two Low
Airspeed Sensor Systems, June 1975.

3. Letter, AVSCOM, AMSAV-EQI, 3 July 1975, subject: Low- Airspeed. Sensor
Location Tests, AH- lG USAAEFA Project No. 75 19. .

4. Technical Manual, TM 55-1520-221-10, Operator’s Manual, Army Model
AH-1G Helicopter, 19 June 1971, with Changes 1 through I1.
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AH-1G Helzcopter September 1975.

6. Test Plan, USAAEFA, Project No. 74-02, Rotor Flow Survey.Program, AH-1G
Cobra Helicopter; Match 1975 to be publishéd.
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APPENDIX B. INSTRUMENTATION

1. The test instruméntation included the following:
Pilot Panel

Airspeed (boom)

Airspeed (LORAS forward)
Airspeed (LORAS lateral)
Airspeed (Elliott forward)
Airspeed (Elliott lateral)
Altitude (boom)

Rate of climb (boorn)
Rotor spécd )

Anglé of sideslip (boom)
Radar altimeter

Enginéer Panel

Airspeed (boom)
Altitude (boom)
Outside air temperature
Fuél counter

Data system controls

2. Data parameters recorded on the digital (PCM) system were as follows:

Time of day

Engineer event

Run number counter

Rotor blip

Fuel counter

Rotor speed (analog)

Rotor speed (digital)
Altimeter (radar)

Pressure altitude (boom)
Angle of attack (boom)
Angle of sideslip (boom)
Airspeed low range (boom)
Airspeed high range (boom)
Airspeed (LORAS longitudinal)
Airspeed (LORAS lateral)
Airspeed (Elliott total)
Airspéed (Elliott longitudinal)
Airspeed (Elliott Lateral)

ikl

=9
=3

i




‘Angle-of attdck -(Elliott) ~ =
Angle of sideslip_ (Elliott)
Pitch attitude &
Roll attitude

Lateral swashplate angle
‘Longitudinal swashplate angle
Ambient air temperature
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APPENDIX C. SYSTEM DESCRIPTION AND
THEORY OF OPERATION

1. The system consists of an airspeed probe, a rate transducer, a vertical speed
indicator, longitudinal and lateral airspeed indicators, and a computer.

2. The swiveling dual-axis pitot-static probe (type 05-006-01) is a standard
pitot-static sensing head with four peripheral static parts. The circular vane, with
space wedges at 120 degrees, is slightly unbalanced to permit pendulous action.
Two synchro resolvers are mounted within the assembly to measure the probe
angular position. The total and static air pressures are piped to the airspeed
computer along with the probe angle signals from the synchro resolvers,

3. The rate transducer (type 60-SK-3437) is an electromechanical design and has
a gearbox to drive synchros and potentiometer outputs. Also contained in the unit
is an electrical force balance transducer which is used as a pressure altitude sensor.
This unit produces the pressure altitude and rate of climb, which are displayed
on the ¢ockpit indicators. These signals may also be recorded by an instrumentation
system.

4. The vertical speed indicator (VSI) (type 71-012-01) contains a servo amplifier,
motor, and position feedback potentiometer. Input signals supplied from the rate
transducer are fed into the instrument servo amplifier which in turn drives the
motor. Position feedback from the potéentiometer within the instrument is fed back
to the rate transducer VSI control amplifier.

5. The longitudinal airspeed indicator (type 71-011-01) consists of a stepper
motor and a feedback potentiometer. This provideés an indicator rate signal and
position signal which is fed back to the airspeed computer. The signals are summed
with the compuiter longitudinal airspeed and are checked by the servo monitor.
Detected failures are indicated by a warning flag on the indicator.

6. The lateral airspeed indicator (type 71:010-01) is similar to the longitudinal
indicator and operates in the same manner. Pressure altitude is indicated on an
AAU-19 servo altimeter.

7. If the pitot-static probe is mounted below the rotor, and is arranged to rotate
such that it is always pointing into the resultant flow, then the sensed impact
préssure will be proportional to the vectorial sum of the induced and transitional
components of air velocity. The fundamental relationships involved are illustrated
in figure 1.
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V Resultant Airflow

V lnduced
Flow

Figure 1. Resolution of Flow Under the Rotor.
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4
Where: ié;
V = Resultant airflow %
V = Forward speed %
v = Induced flow

=51
i

it

i = Rotor incidence angle

= Probe angle relative to fuselage

AR

o

AR B

8. Since at low airspeed i is small and at high airspeed v is small, the equation
can be simplified and horizontal airspeed can be obtained from:

Ao

TR

I3

V=Vcosa
This arrangement has several fundamental advantages:
a. The sensor will never be reqiired to measure impact pressure less than

about 1.0 millibar (0.29 inch_of mercury), sincé in every known operational
helicopter the resultant flow (V) exceeds 25 knots in hover.

b. Reversal of flight direction produces a reversal of sign in the output,
thus indicating direction of motion of airframe relative to heading.

TR

}

c.  The static source will be aligned with the local airstréam, thus minimizing
the effects of flight attitude, motion, and aircraft configuration (ie, doors open/shut,
éxternal weapon loads, etc)

e

Ay

9. The vector geometry of the dual-axis system is illustratéd in figure 2, from
which it may be seen that:

Fore/aft airspeed (VE) = V cos @ cos 8 §
Sideward airspeed (V) = V sin 8 *§
Where: §
- i
V = Resultant airflow =
o

= Probe angle relative to fuselage gfé
=

B = Probe angle relative to aircraft datum in roll/yaw plane 7|
=

=]

It is also apparent from figure 2 that while the probe is within the downwash
it is possible to compute the vertical component of velocity relative to the airframe
from the available data. In addition, an indication of the magnitude and direction
of the thrust vector is available.

19
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(Dotted lines = Construction orly)

Figure 2. Two-Axis Resolution of Flow Under Rotor.
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APPENDIX D. TEST DATA

INDEX
Figure

LASSIE II Performance at Position 1 in Longitudinal

and Lateral Flight

at Position 2 in Longitudinal and Lateral Flight
at Position 3 in Longitudinal and Lateral Flight
at Position 4 in Longitudinal and Lateral Flight

at Position 5 in Longitudinal and Lateral Flight

at Position 6 in Longitudinal and Lateral Flight
at Position 7 in Longitudinal and Latéral Flight
at Position 8 .in Longitudinal and Lateral Flight
at Position 9 in Longitudinal and Lateral Flight

LASSIE III Performance at Position 9 in Longitudinal

and Lateral Flight

Lineaized LASSIE HI Performance at Position 9 in

Longitudina! and Lateral Flight

Figure Number

1 and 2

3and 4
Sand 6
7 and 8
9 and 10
11 and 12
13 and 14
1S and 16
17 and 18
19 and 20

21 and 22
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US Naval Air Test Center

US Air Force Aeronautical Division (ASD-ENFTA)

US Air Force Flight Dynamics Laboratory (TST/Library)
US Air Force Flight Test Center (SSD/Technical Library, DOEE)
US Air Force Electronic Warfare Center (SURP)
Department of Transportation Library

US Ammy Bell Plant Activity (SAVBE-ES)

Bell Helicopter Textron

Frankford Arsenal

Elliott Industrial Associates Corporation

Defense Documentation Center
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